Objectives: The aim of this study was to evaluate the usability of the e-Ouch electronic chronic pain diary in adolescents with juvenile idiopathic arthritis.
C hronic pain is a significant problem for adolescents with chronic illnesses such as juvenile idiopathic arthritis (JIA). 1 Chronic pain associated with JIA significantly impairs the adolescent's quality of life, causing physical disability and emotional distress. 2 Assessment is the crucial first step in the effective management of pain and is essential for evaluating the effectiveness of therapies. Although paper diaries for assessing chronic pain in adolescents exist, [3] [4] [5] they rely on attention span, recall, and compliance and often do not include the multidimensional aspects of pain. Electronic pain diaries using a personal digital assistant (PDA) that use methods for real-time data capture (RTDC) have the potential to maximize the compliance, 6 -8 validity, [6] [7] [8] [9] and reliability 10, 11 of pain assessment data. However, there has been no published research evaluating the usability of electronic pain diaries in children or adolescents.
Electronic diaries have contributed significantly to diary-based clinical studies as a result of several important attributes. They allow for RTDC where participants are asked to report how they feel at that moment in time in their everyday environments. Each entry can be date-and time-stamped as the entry is made, thus eliminating the potential of subjects ''back-filling'' diaries to appear compliant. Data points can be entered by tapping on the desired response option, reducing the time needed to complete entries, thereby facilitating compliance. 12 Prior responses can be concealed from view when using repeated measurements over time, improving the independence of measurements. Other advantages include use of complex response trees, ease of data sharing and analysis, and improved data quality (eg, fewer missing responses). 12, 13 Also, adolescents generally like and are familiar with computerized technologies and are often more confident users than adults.
14 Electronic pain diaries offer the same advantages and have much higher rates of compliance and satisfaction compared with paper diaries in adults with chronic pain. [6] [7] [8] [9] [10] Stone et al showed, through the use of a paper pain diary instrumented to track diary use, that actual compliance was only 11%, whereas reported compliance exceeded 90%. 7 Although electronic diaries have been used successfully with adults with chronic pain, [6] [7] [8] [9] [10] [11] these methodologies in adolescents require consideration of how personal and experiential factors affect their usability. 15 To date, the use of electronic diaries has been reported in children with gastrointestinal symptoms 16 and assessment of risk behavior in adolescents. 17 Palermo et al recently compared electronic and paper pain diaries to assess compliance, accuracy, and acceptability in 60 children, 8 to 16 years of age, with recurrent and chronic pain. 18 Children using the electronic diary had much higher rates of compliance (83%) compared with those using paper diaries (47%). These authors noted that five participants' data were lost due to programming problems. Therefore, to enhance compliance and prevent loss of data due to programming difficulties, it is essential that usability testing be conducted before the electronic diary is put to clinical use. Although electronic diaries are becoming more prevalent, there is little known about their usability. We do not know how children and adolescents interact with PDA technology (ie, user behavior) and how this interaction affects usability. If the user interface of a PDA is complex and unintuitive, additional cognitive demands may be placed on adolescents, reducing compliance and the accuracy of pain ratings. 19 Usability is therefore a function of both the system interface and user characteristics. 20 The potential of electronic diaries, however, can be realized only with effective utilization by patients. Therefore, the technology should be user-friendly and the program design should be tailored to the particular needs of the patients and thus be perceived as helpful and acceptable by them. 21 Usability testing is widely employed as a method of evaluating user performance and satisfaction during the design and development of products and systems. 22, 23 Methodologies for building usable systems have been introduced and refined over the past 15 years under the disciplines of human-computer interactions and ergonomics. 24 These methodologies incorporate an iterative process that involves testing the user interface and then using the test results to redesign the interface to meet the user's needs. Usability testing is defined as any methodology in which users interact systematically with a product or system under controlled conditions. A goal-oriented task is performed in an applied scenario, and some behavioral data are collected. 24 Although there is a growing body of literature on the usability testing of health information systems such as Web-based systems, [22] [23] [24] [25] [26] there is almost no literature on the usability testing of mobile hand-held devices such as cellular telephones and PDAs. 24, 26 The user interface of the Web viewed on standard computer screens is different from PDA technology. Therefore, hand-held computers pose new challenges to designers and developers. Some of these challenges include: (1) the small size and low resolution of screens, which can affect the size of graphics and amount of text that can be used; and (2) the different methods of inputting data, such as character recognition, on-screen keyboard, and touching the screen. 24, 26 Most researchers who have developed PDA-based pain diaries have not addressed the intuitiveness of the PDA screens and depended only on formal testing of the mature screen displays during clinical testing. [6] [7] [8] [9] [10] Therefore, a design process that involves the users during the initial development of the PDA screens, while remaining cost-effective and time-efficient, needs to be employed.
The aim of this study was to evaluate the usability of the newly developed e-Ouch electronic pain diary prototype in adolescents with JIA. The usability objectives for the e-Ouch electronic diary included that the measure would be (1) easy to learn (ie, perceived to be easy to use and understand); (2) efficient (ie, takes <5 minutes to complete by the third diary entry attempt); (3) error-free after three practice times, and (4) satisfying to complete.
METHODS

Patient Selection
Participants were drawn from one rheumatology clinic in a university-affiliated pediatric tertiary care center serving metropolitan Toronto and central and northern Ontario. A purposive sample was recruited to achieve maximum variation in age of adolescents (defined as being between the ages of 9 and 18 years) with JIA, disease severity (two with no active disease, four with mild disease, two with moderate disease, and two with severe disease) as determined by a self-report global disease severity visual analog scale [VAS] , and pain intensity (five with mild pain, three with moderate pain, and two with severe pain) as determined by self-reported VAS. 27 Each cycle was also stratified for age, with five adolescents between 9 and 12 years and five between 13 and 18 years of age. This stratification schema was based on a review of the literature. 28 Adolescents were eligible for the study if they were between 9 and 18 years of age; had been diagnosed with JIA by a rheumatologist; had experienced pain over past 24 hours; and were able to speak and read English. Adolescents were excluded if they had known major cognitive or psychiatric disorders (eg, developmental delay, learning disabilities, clinical depression) that might interfere with their ability to complete self-reported daily pain ratings; other known major medical disorders (eg, Crohn's disease) that would be a source of chronic pain; known severe vision problems (eg, cataracts, glaucoma) that would interfere with ability to see the e-Ouch screen; or known severe hand deformities that would prevent the use of the electronic diary.
Study Design and Procedures
This study was approved by a joint University/Institutional Review Board committee and required all adolescents to understand and provide written informed consent or assent for participation. A qualitative usability testing approach with semistructured interviews and observation by a trained observer (JNS) was undertaken with iterative cycles to determine the usability and intuitiveness of the e-Ouch user interface and further refine the prototype. This design approach was based on the concept of a ''hermeneutical circle'' as described by Snodgrass and Coyne, 29 which is an iterative process of implementing a design, learning and understanding from discussion and feedback, and making subsequent design refinements. This iterative rapid design development approach concentrated on testing the user interface screens with a focus on usability.
Self-reported disease severity and pain intensity ratings were obtained from the adolescents during regularly scheduled clinic visits using the Childhood Assessment Questionnaire. 27 These ratings were used to ensure we obtained a heterogeneous sample by stratifying for disease and pain severity as well as age. After consent was obtained, participants completed a General Information Questionnaire on personal and experiential factors and the Health Record Data Collection Form to gather additional demographic and disease-related data. Adolescents participated in a 30-minute semistructured interview in a quiet room in the rheumatology clinic after their scheduled clinic visit. One of the investigators (JNS) provided the adolescents with a brief 5-minute demonstration of the electronic pain diary using a standardized pain vignette. The adolescents then used the electronic diary to recall their pain over the last 24 hours. Specifically they were asked to recall their pain: (1) when they woke up that morning, (2) the previous evening, and (3) after school the previous day. While the adolescents used the electronic diary to rate their recalled pain at these three time periods, the researcher observed the adolescents as they moved through the screens to identify any problems using the diary. These sessions were audiotaped and the adolescents were asked to ''think aloud'' as they worked through the diary, commenting on any difficulties they had. Completion time for each diary entry was recorded in the PDA. The researcher also made field notes about any problems encountered during the session. At the end of the session, the researcher used the e-Ouch Semi-Structured Interview Guide to ascertain adolescents' perceptions about the electronic pain diary.
After the first iterative cycle of 10 adolescents, changes were made to the user interface screens of the e-Ouch electronic diary based on problems identified from the content analysis of the taped interviews and field notes. The changes made to the user interface were then evaluated in the second iterative cycle of 10 adolescents. Because no further problems were identified in the second iterative cycle, the study stopped after the second cycle had been completed and analyzed.
Measures
Personal and Experiential Factors
Data on personal and experiential factors were collected using the General Information Questionnaire and Health Record Data Collection Form developed by the researchers before demonstration of the e-Ouch.
e-Ouch Semi-Structured Interview
The e-Ouch Semi-structured Interview was used to further understand the usability of the e-Ouch measure. Questions moved from eliciting more general to more specific information. The interviewer was skilled in interviewing adolescents and used developmentally appropriate language to tailor the wording of the questions to the age of the participants. The content of the questions elicited what they: (1) found easy or hard to use, (2) found easy or difficult to understand, (3) liked or disliked, (4) thought about how long it took to complete the diary, (5) would like to change, and (6) would like to add to the e-Ouch to help researchers better understand their pain. The researcher used probes to elicit more specific information from the participants about the usability of the measure (eg, can you tell me more about that, can you give me an example). Participants were also asked for any other relevant comments about the electronic diary.
e-Ouch Electronic Pain Diary
The electronic e-Ouch pain diary was developed to obtain three daily pain ratings (upon waking, after school, and before bed). The Tungsten W was used for the electronic data collection. This PDA has an ultrasharp color display screen, uses Palm Operating System, and has wireless capability. The software, which managed the screen displays and then tabulated and stored the user responses to the displayed scales, was developed using Appforge. Appforge was used to custom-design a software program for the electronic diary, called GraalPad. 30 The e-Ouch screens looked similar to the paper forms on which it was based (ie, VAS, interference scales adapted from Brief Pain Inventory-Short Form), 31 but at a smaller size. The starting point for the slider on the VAS was placed in the middle, as we were concerned that placing it at either end might result in under-or overreporting of pain. The VAS slider for pain intensity is shown in Figure 1 , and the body picture for adolescents to indicate painful joints is shown in Figure 2 . 32 The e-Ouch was programmed to follow a specific sequence of questions with one built-in response loop. If the adolescent indicated having pain on the pain intensity VAS, the diary proceeded to the questions on how much the pain hurts, pain location, pain affect or unpleasantness, pain word descriptors, pain interference, and pain coping. If the adolescent indicated having no pain, the diary skipped these questions and advanced to the stiffness and fatigue questions. In addition, the diary was formatted to display one question on the screen at a time, requiring adolescents to use the stylus to touch the pressuresensitive screen for each response. The device did not permit adolescents to move on to the next question before answering the question on the screen, thus ensuring complete data. Responses were highlighted and the adolescent could ''undo'' any response and choose a new response. However, they were not able to move backwards once they had advanced to the next screen. These features, unique to the electronic device, were built into the diary program to eliminate errors and omissions in the data and maximize the independence of the measurements. The entries for each screen were timeand date-stamped, field by field, with the time that participants logged on and off the diary being recorded. Appendix 1 lists the questions in the e-Ouch electronic pain diary for the three daily entries. These essential components of the pain diary were not changed during the iterative usability testing process.
Data Analyses
The quantitative data from the questionnaires on the personal and experiential factors were coded, scored, and entered into the Statistical Package for the Social Sciences (SPSS) database. 33 Data from the e-Ouch (eg, pain scores, log on and off times) were uploaded into an Access database and then imported into the SPSS database. These data were analyzed to determine measures of central tendency and the distribution of values. Independent t tests were conducted to determine whether there were any differences between the two phases on baseline demographic and disease-related variables. Repeated-measures analysis of variance (RMANOVA) was used to examine whether there were differences in the pain indices (intensity, unpleasantness, interference, stiffness, and fatigue) and time taken to complete diary entries for the total sample of patients, across the three occasions of measurement (morning, afternoon, evening). The level of significance was set at P<0.05 for all tests.
An experienced transcriptionist transcribed all of the qualitative data from the audiotaped interviews verbatim after each interview. The transcribed interviews were converted to text files and imported into the software program, NVivo, which was used to organize and facilitate the content analyses of these data. NVivo is a computer software program that assists in the identification of key themes, dimensions, and categories of responses and facilitates access to key verbatim quotes. 34 Any field notes that were taken during the interviews were also transcribed and converted to text files and imported into the NVivo program and were included in the content analysis. Simple content analysis was performed after each iterative cycle, with categories developed based on the usability research questions (ie, learnability, efficiency, errors, and satisfaction) and frequencies calculated. The participants' responses were reviewed and then coded by identifying common themes that emerged across the interviews. 
RESULTS
Sample Selection and Participant Characteristics Demographics
Consecutive clinic patients meeting the study criteria between June 14 and July 29, 2004, were invited to participate in the study. Of the 83 adolescents with JIA during this study period, a total of 26 patients met the inclusion criteria. Of the eligible adolescents, six refused to participate due to time constraints. Of the 55 adolescents who were excluded, 35 reported experiencing no pain over the past 24 hours and the other 22 patients were excluded due to comorbidities. A total of 20 adolescents participated in two phases of usability testing, 10 in phase 1 and 10 in phase 2.
The mean age of the sample was 13.55 years (SD = 2.68, range 10 to 18 years), and 80% of the participants were female. The sex of the participants was representative of the rheumatology subspecialty population. 28 Eighty percent of the participants were from a large urban city, with the remaining participants from smaller rural areas in southern Ontario. Two thirds of the participants were in public (eg, grades 1-8) school. Ninety percent of adolescents had a computer at home and 95% reported being comfortable or very comfortable using a computer. These findings are in accordance with recent data revealing that 88% of 15-year-old Canadian students have at least one computer at home and are comfortable using the computer. 36 The numbers, means, and standard deviations for demographic characteristics of the sample by usability testing phase are outlined in Table 1 .
Illness Characteristics
The numbers, means, and standard deviations for illness characteristics of the sample by usability testing phase are outlined in Table 1 . The mean duration of illness was 4.95 years (SD = 4.50, range 0.6-15.3 years). The most common disease onset subtype was polyarthritis (55%). Medication use ranged from zero to eight medications per adolescent, with an average of three medications. The most common arthritis medications were nonsteroidal anti-inflammatory drugs (50%), followed by Methotrexate (30%), Prednisone (20%), Enbrel (20%), and Remicade (5%). Seventy-five percent of the children also took iron and folic acid supplements.
To address the possibility that there might be differences in illness-related characteristics between the two phases of usability testing, independent t tests were conduced. Significant differences were found in duration of illness and pain severity between phases 1 and 2. Adolescents in the second phase of usability testing had a significantly longer duration of illness (t [18] = 2.36, P<0.05) and increased severity of pain (t [18] = 2.92, P<0.01) compared with adolescents in phase 1. There was also a trend for adolescents in phase 2 to report higher severity of illness (t [18] = 2.08, P = 0.053) than those adolescents in phase 1. There were no other differences between the phases on any of the illnessrelated variables.
Characteristics of Pain Ratings
Means and standard deviations for each of the pain indices assessed during the three pain diary entries are outlined in Table 2 . There were no significant differences in pain ratings between the adolescents in the two usability testing phases. Participants at all three time points had predominantly mild to moderate pain intensity and pain interference with activities of daily living, as well as mild levels of pain unpleasantness and pain interference with sleep, mood, walking, relationships with friends/family, and enjoyment of life. Pain interfered 
minimally with schoolwork, as the data were collected during the summer vacation. The participants, on average, reported mild stiffness, moderate levels of fatigue, and two painful joints (range 0-5) per diary entry, with the most commonly affected joints being the knees. Participants used one to two descriptors (range 0-11) to describe their pain, with the most frequently used words being ''hurting'' and ''uncomfortable.'' RMANO-VA was conducted to determine if there were significant differences in e-Ouch pain indices across the three points in time (morning, afternoon, and evening). There were no significant group Â time effects.
Usability of the e-Ouch Electronic Diary
The four major usability themes that emerged from the interviews were learnability, efficiency, errors, and satisfaction with the diary. Learnability was subcategorized into ease of use and understanding. Satisfaction with the e-Ouch diary was subcategorized into likes and dislikes.
Learnability
All of the adolescents in both phases stated the eOuch electronic pain diary was ''very easy to learn'' and ''very easy to use.'' One participant stated, ''After the first morning, the people doing the thing [e-Ouch diary] won't have any trouble.'' Another adolescent had already started completing the diary before the investigator had a chance to provide the demonstration, stating, ''I watched people use it [PDA] before.'' Several other adolescents stated that they ''could have done it without [the demonstration and pain vignette] but that it was also good to get a basis to get a feel for it.'' In phase 1, participants commented on several difficulties they experienced when using the electronic pain diary. First, 9 of the 10 participants found that the VAS slider, used to rate pain's intensity, unpleasantness, and interference, as well as levels of stiffness, fatigue, and control over pain, was ''too sensitive'' and ''tricky to use.'' They commented that it was ''hard to control the slider'' and that ''sometimes when you drag it, it goes the other way.'' However, they all commented that once they discovered the technique for where to place the stylus they ''got the hang of it'' and it was much easier to use. In addition, 60% of participants in this phase found it difficult to use the slider that indicated the duration of morning stiffness: ''it [the slider] moved too fast'' or ''was too touchy.'' Eighty percent of the participants also had difficulties tapping on certain joints that were close in proximity. For example, one participant commented, ''It hurts right where my ankle is. But it touched [highlighted] the foot.'' In addition, two of the younger adolescents had difficulty orienting themselves to the body pictures. Finally, three adolescents experienced difficulties when scrolling through the word descriptor list when the stylus accidentally touched word descriptors they had not meant to tap. Two adolescents felt it would be easier to use the word list if it also allowed entry of words that were not on the list and if the word descriptors were arranged in alphabetical order. None of the adolescents had difficulty using the stylus or keypad on the PDA.
Depending on the time of day the adolescents participated in the study, they were asked to make one diary entry at that specific time (eg, morning or afternoon) and to recall their pain for the other two entries.
Although not a difficulty with the user interface of the electronic diary itself, six (30%) of the adolescents commented that it was hard to recall their pain from the previous day. They found it easier when they were asked to rate their pain ''right now.'' One of the participants even asked her father whether her back was hurting last night.
The following changes were made to the e-Ouch prototype to address these difficulties: (1) making the slider thicker on the VAS so it would move more easily, (2) changing the duration of morning stiffness to radio buttons instead of a slider, (3) moving the location of some of the joints that were close in proximity on the body picture (eg, hands appear on front and wrists on back of body outline), (4) adding images of the body picture in the e-Ouch User Manual with each of the major joints being labeled, (5) placing right (R) and left (L) indicators on the body outline to assist in orientation of the body picture, and (6) adding space for adolescents to enter their own pain word descriptors, arranging word descriptors in alphabetical order, and moving the scroll bar further away from word descriptors. These changes were re-evaluated in phase 2. These changes resolved the usability issues that were highlighted in phase 1. No further ease-of-use difficulties arose in phase 2. All of the adolescents stated that the e-Ouch electronic diary was ''easy to understand'' and ''selfexplanatory.'' They all commented that they understood the differences between pain intensity, pain unpleasantness, and pain interference. Seven adolescents commented that there were some words they didn't understand, including ''whining,'' ''drilling,'' ''shooting,'' and ''pounding.'' One adolescent stated, ''Miserable is not a pain, it's just how you feel.'' Furthermore, five of the older adolescents commented on the question about how much they were able to control or manage their pain, which was asked in the evening entry. One adolescent stated, ''The way that one question was writtenycontrol isn't the right wordyyou can't have full control.'' Another adolescent said, ''I felt like I couldn't control it [the pain], not completely, because it has a mind of its own.'' After phase 1, the wording of this question was simplified and in the user manual, definitions of the word descriptors and controlling pain were provided.
Efficiency
Participants took less than 9 minutes on average to complete all three daily entries. There was no difference between the phases on the time taken to complete the diary entries. Most of the adolescents stated that the diary was ''quick'' to complete. One participant commented, ''The first time it took time because it was new.'' All of the adolescents felt they completed the diary more quickly each successive time they used it.
Errors
Participants in phase 1 made two types of diary errors. First, 40% of the adolescents missed a question as they accidentally tapped on the ''next'' button twice. Second, five adolescents did not move the pain intensity VAS slider all the way to the ''No Pain'' anchor, even though they commented that they did not have any pain for that particular entry. Thus, they were forced, due to the design of the program, to complete the entire sequence of questions about their pain. This also occurred with the question on pain's interference with school when two adolescents did not completely move the slider to the ''Doesn't get in the way'' anchor. Two of the participants missed medications used, as they did not know the generic names. Changes to the diary (eg, putting brand as well as generic names of medications) and user manual (eg, reminding adolescents to move the slider to the end of the VAS if they are experiencing no pain or pain interference) were made to reduce the chances of these errors occurring.
Satisfaction
All of the participants were very satisfied using the e-Ouch diary. They commented that the electronic diary was ''really cool'' and they ''just liked using it.'' They commented that they ''liked everything about it [the diary],'' especially the graphic icons for the diary entries, VAS slider, body picture, and pull-down menus. Another participant stated, ''I liked that it gave a variety [of questions] so it wasn't the same thing over and over again.'' Four adolescents commented that they really liked the slider as they ''got to control the thing.'' These same participants commented that the electronic diary was much better than the paper measures they had used in the past, and one adolescent commented that it was ''better than just getting a book full of blank paper and writing down about your pain each day.'' Furthermore, they said, ''if you make a mistake you don't have to scribble it out'' and they ''liked that [they] didn't have to write stuff down.'' One participant said it was the first time ''anyone really asked the question about how pain interfered'' with her relationships. Eighty percent (18/20) of the participants agreed to pilot the diary at home for a 2-week period. The two participants who refused to pilot the diary were boys; one said he didn't ''want to be woke up by it [the diary] beeping'' and the other gave no reason for not wanting to do it.
Most of the adolescents stated there was nothing about the diary that they did not like. Four adolescents identified things they disliked: ''there are not enough spots for me to exactly pinpoint [on the body pictures] where the problems are,'' the duration of morning stiffness slider was ''too sensitive,'' and the word descriptor list was ''too long to go through.'' One participant ''wanted to talk about other pains'' such as headaches.
DISCUSSION
To our knowledge, this is the first study to evaluate the user interface of an electronic pain diary in adolescents. Formative evaluation of the usability of the e-Ouch electronic pain diary prototype employing a user-centered design approach led to the identification of design flaws in the user interface (eg, problems moving the VAS and duration of morning stiffness sliders) and unclear terminology (eg, question on ability to control pain, word descriptors). In addition, this approach enabled us to determine that the e-Ouch electronic pain diary was easy to use and understand, efficient and satisfying to complete, and required minimal training. Adolescents demonstrated minimal errors filling in the electronic diary. The participants in this study were able to discriminate and understand the differences between the various dimensions of the pain experience. Adolescents were also able to generate innovative ways in which the user interface of the electronic diary could be improved.
There has been no reported research on the usability testing of electronic pain diaries using hand-held computerized assessment tools. Moreover, researchers who have developed such measures have depended primarily on formal testing of the mature user interface screen displays during actual clinical testing of the device. [7] [8] [9] [10] [16] [17] [18] In this study, we showed that it is possible to use a simple, lowcost method such as having the users perform tasks while ''thinking aloud'' to gain insights into problems they encountered while using high-fidelity (actual PDA screens) prototypes. During this study, we were able to evaluate the basic functionality of the e-Ouch prototype, modify the prototype, and reevaluate the user interface using two iterative cycles until a satisfactory product was achieved. It is essential that such an iterative design process, which involves the users during the initial development of the PDA screens, be employed early on in the development of such electronic diary measures. This involvement is crucial because the adolescents' views of the system may differ from that of the designers, and this gap in perception could influence the measure's eventual effectiveness. Furthermore, when undertaken early in the design phase, alterations are less expensive. [21] [22] [23] Given that adolescents tend to be more confident users of computerized technologies (eg, computers, computerized games, cell phones), it was not surprising that the adolescents in this study found the diary easy to learn, use, and understand as well as satisfying to complete. Although electronic diaries have been used to study gastrointestinal symptoms, high-risk adolescent behaviors, and pain in children, there was no mention of whether these measures underwent formal usability testing. [15] [16] [17] Although the participants in these studies found the diaries acceptable and satisfying to use, all of these studies reported that several participants had technical problems with the diaries, such as logging on, as well as modem and PDA malfunctioning. [15] [16] [17] These difficulties are important to explore, as additional cognitive demands may be placed on adolescents when the screens are complex and unintuitive or there are unexpected technical difficulties. These problems could result in a reduction in patient compliance and accuracy of pain ratings.
Pain is a complex multidimensional, subjective phenomenon, where self-report is the most common measurement approach in children and adolescents who have the verbal and cognitive capabilities needed to use self-report measures. The aspects of the pain experience include: (1) sensory (eg, intensity, quality, and location of pain sensations), (2) affective (eg, emotional effects using word descriptors and unpleasantness using visual analog or ''generic faces'' scales), and (3) cognitive (eg, perception of pain's interference with daily functioning and overall quality of life) dimensions. 37 Using visual analog and ''faces'' scales, children over the age of 8 years can discriminate and provide reliable and valid self-reports of pain intensity and pain affect at one point in time. 37, 38 Our findings extend this body of research to show that children can understand and distinguish between the intensity, affective, and cognitive dimensions of the pain experience. However, most chronic pain measures are limited to a single index of the sensory component of pain (ie, intensity), and measurement of pain's unpleasantness and interference with aspects of children's daily lives has received limited attention. A comprehensive multidimensional approach to the measurement of chronic pain is crucial for individualizing treatment strategies and evaluating the effectiveness of treatment interventions on clinical and developmental outcomes.
Paper and electronic pain diaries using principles of RTDC for measuring pain have long been used to reduce recall bias. RTDC is characterized by asking people to report how they feel at that moment in time in their everyday environments. 12 The adolescents in this study commented on the difficulties encountered with recalling their pain versus completing real-time or ''now'' reports. An RTDC approach is desirable to improve the validity of pain data. Williams et al recently compared three commonly used methodologies for assessing clinical pain in trials in adults with fibromyalgia (eg, real-time reports using an electronic diary, end-of-week reports using average pain over the past week with an electronic diary, and monthly in-clinic reports where patients rated mean pain for the past week using a traditional pen-and-paper diary). 6 They found that paper and pencil produced the highest baseline levels of reported pain and real-time reports produced the lowest levels. Pain ratings were more likely to reflect decreases in the two methods relying on recall than the real-time strategy. More importantly, they found that pain assessment methods that relied on recall might contribute to an apparent improvement in clinical trials in the absence of an intervention, similar to a placebo response. To our knowledge, there has been no research evaluating the psychometric properties of an electronic pain diary using RTDC to assess the multidimensional nature of chronic pain in adolescents. Therefore, having a usable, reliable, and valid electronic chronic pain measure for children such as the e-Ouch might help to mitigate against seeing false improvement in the absence of intervention and demonstrate higher levels of patient adherence.
A few potential limitations of our study need to be addressed. First, the study was from one tertiary pediatric care center and the sample was relatively small, which could be considered a threat to the generalizability of the results. However, with a representative sample of end users, typically involving as few as five participants per cycle, the majority of usability problems and issues can be identified. It has been estimated that a single initial cycle of design/evaluation/redesign can lead to as much as a 10-fold reduction in usability problems. 23, 39 The second issue is that we did not measure the intelligence of participants. However, intelligence may not be a major consideration, as all participants regardless of knowledge of intelligence were able to understand and accurately complete the measure. Finally, the sample was too small to allow us to examine whether personal (eg, age, disease severity) or experiential factors (access to and comfort with computers) were related to ease of use of the e-Ouch. Future work in this area is needed to determine whether there is a cut-off age or developmental level for the practical use of this type of technology with children.
There was no attempt to measure the usability of the e-Ouch in the participant's everyday environments, such as at home or school. We are addressing this issue by pilot testing the e-Ouch to determine the feasibility of this measure in terms of compliance, acceptability, and technical issues related to the signal prompts (alarms) and wireless aspects of this approach in the natural setting. There were also no attempts made to compare ratings using paper-and-pencil format to the electronic format to determine the validity of this new measure. Other studies are underway to examine the psychometric properties of the e-Ouch. This study was also conducted over the summer holidays, and therefore we were not able to test the impact of pain on school functioning. Finally, experimenter bias may have been introduced, as the principal developer of the e-Ouch measure was the same person who conducted the usability testing interviews. This approach was taken to ensure that the individual who best understood the measure was answering the user's questions, although it might have resulted in the author unwittingly eliciting more favorable ratings than an independent evaluator.
In conclusion, researchers developing electronic diaries to assess chronic pain and other symptoms need to consider the user interface before they are released for general use or evaluated in expensive randomized clinical trials. The e-Ouch electronic pain diary could provide the template for measurement of chronic pain and other problems in chronic illnesses in children. A usable (ie, fully functional and usable version of the e-Ouch) electronic RTDC approach to the measurement of chronic pain in children is crucial for: (1) understanding the day-to-day variability of pain and its impact on health-related quality of life, (2) selecting and evaluating the effectiveness of a broad range of pain-relieving interventions, (3) identifying the underlying mechanisms of action of pain-relieving treatments, and (4) examining the correlates of pain and pain-related disability in adolescents. Research studies are underway to: (1) establish the usability of the e-Ouch diary in everyday natural environment (eg, home), (2) establish the psychometric properties of the e-Ouch in a variety of recurrent and chronic pain populations, and (3) determine the ability of the e-Ouch electronic diary to detect change in a wide range of pharmacologic, physical, and psychological treatment interventions in children with chronic illness. LEFT: Doesn't get in the way at all RIGHT: Totally gets in the way 6 VAS Touch the mark and move it to show how much your pain is getting in the way of WALKING right now.
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